Bovine leukemia virus (BLV) infection in cattle is seldom manifested clinically, and is routinely diagnosed by serologic tests such as enzyme-linked immunosorbent assay or Western blot (WB). Because of the difficulty in interpreting WB results, the aim of the present study was to determine which of the bands observed in WB were specifically produced by BLV and which corresponded to nonspecific proteins, either derived from medium components or of a cellular nature. Five different BLV antigen preparations from 2 cell lines (FLK-BLV and BLV-bat 2 ) frequently used for the production of BLV antigen were compared. The protein profiles of these antigen preparations were analyzed using sodium dodecyl sulfate polyacrylamide gel electrophoresis and WB. Fetal calf serum, required for cellular growth and important in induction of viral transcription in vitro, was identified as a source of irrelevant proteins. In this study, 15 nonspecific protein bands in the growth medium were observed. These bands interfered with the interpretation of results. A nonspecific protein (25 kD) that was highly reactive in cell lysate preparation from BLV-bat 2 was also detected. The unequivocal identification of protein bands, both specific and nonspecific, seen in WB is important not for understanding the protein profile of antigen preparations but also for determining if an animal is BLV positive or negative.
Bovine leukemia virus (BLV) is a member of the Retroviridae that shares genomic and biological properties with human T-cell leukemia virus (HTLV) and simian T-cell leukemia virus (STLV). 2 The viral particle is composed of a capsid formed by the gag (group antigen) proteins surrounded by an envelope spiked with specific viral proteins. Gag proteins include p24 (capsid), p15 (matrix protein) and p12 (nucleocapsid protein). Envelope proteins are gp51 (surface) and gp30 (transmembrane [TM]). 16 When an animal becomes infected with BLV, there is a humoral immune response that persists until death. 16 This immune response is directed mostly against p24 and gp51 but to a lesser and in a less consistent manner is also directed against the other proteins and against the regulatory proteins Tax (p34) and Rex (p19). 23, 29 Antibodies against gp51 reach higher titers and are detected sooner than those produced against p24. 15 Antibodies against gp51 and p24 may be detected as early as 2-4 weeks after experimental infection. 7, 28 Antibodies against gp51 have neutralizing properties in vitro, 3, 5 but they do not prevent virus spread in vivo to other noninfected cells.
In many countries, BLV infection is controlled through erradication programs, which require mandatory slaughter of positive animals. Because most (60%) of the infected animals become asymptomatic carriers and never show signs of infection by BLV, 5, 16 they may only be diagnosed either by indirect serologic techniques demonstrating the presence of antibodies that are always present in infected animals or by direct techniques such as virus isolation or polymerase chain reaction.
Although the enzyme-linked immunosorbent assay (ELISA) is the technique chosen to determine the presence of specific antibodies, sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) followed by Western blot (WB) is occasionally used to confirm ELISA results or for research purposes, such as to study the evolution of specific antibodies against BLV, 11 because allows the detection of antibodies against several viral proteins. 14, 28 However, WB results, although helpful and very informative, are difficult to interpret if adequate controls are not taken into consideration. 11 A number of cell lines have been developed by various investigators. FLK-BLV derived from fetal lamb kidney 27 and BLV-bat 2 from mature bat lung 13 have been the cell lines of choice for investigators studying BLV. Most protocols for growing the cells include the addition of serum, which almost always is of bovine origin. Fetal calf serum (FCS), which is routinely added to cell cultures to promote growth, has been implicated as an important inductor of viral transcription in vitro 16 and, thus, facilitates obtaining high viral titers. However, when preparing antigen for serologic techniques, FCS adds foreign material that may be a source of nonspecific reactions. Also, the presence of cellular proteins, which may not be fully eliminated during BLV protein processing, could mask or interfere with viral proteins.
Materials and methods
Cell lines used for BLV production. Two cell lines persistently infected with BLV were used: fetal lamb kidney cells FLK-BLV a,b,27 and bat lung fibroblasts, BLV-bat 2 , b,c,13 infected experimentally by BLV derived from the FLK-BLV cell line.
Cell culture. FLK-BLV and BLV-bat 2 cell lines were grown in 75-cm 2 culture flasks containing 15 ml of complete medium (RPMI-1640 containing penicillin G and streptomycin, amphotericin B, 1% anti-pleuropneumonia-like organism agent supplemented with 10% heat-inactivated and mycoplasma-screened FCS) d and incubated at 37ЊC with 5% CO 2 . These cells were consistently passaged 2-3 times/wk. Sera. A positive bovine control included in a commercial agar gel immunodiffusion test e was used as positive serum. Negative bovine serum was a pool of 20 sera that had been identified as negative by ELISA in the 1995-1996 erradication campaign in Spain.
Antigen preparations. Five different BLV antigen preparations were used in this study. For the BLV antigen prepared by lysis buffer (LYS), 6 ϫ 10 6 FLK-BLV or BLV-bat 2 cells were treated with 0.1 ml of filtered (0.45 m) f lysis buffer (0.15 M NaCl, 0.05 M Tris-HCl pH 7.2, 0.1% SDS, 1% Triton X-100, 1% sodium deoxycholate, 1 mM phenylmethyl-sulfonyl fluoride) g overnight on ice. The lysate was then centrifuged at 82,000 ϫ g for 1 hr at 4ЊC. The lysate supernatant was collected and stored at Ϫ20ЊC for future use and the pellet discarded.
For the BLV antigen prepared by sonication of BLV-infected cells (SOC), 6-8 ϫ 10 6 FLK-BLV cells were resuspended in phosphate buffer saline (PBS), pH 7.2, and sonicated 4 times with an output of Ϫ44 (low) 0.5 repeating duty cycle per minute per sonication. The solution was then ultracentrifuged at 82,000 ϫ g for 1 hr at 4ЊC, and the supernatant was stored as described for LYS.
For the semipurified BLV antigen (PV), purification was done according to a previous protocol 4 with some modifications. Supernatant (350 ml) from BLV-infected cell cultures was clarified at 10,000 ϫ g for 10 min at 4ЊC, filtered (0.45 m), and precipitated to 10% using polyethylene glycol 8,000 g for 1 hr on ice. After centrifugation, the pellet was resuspended in 10 ml of Tris-sodium chloride-EDTA (50 mM Tris, 150 mM NaCl, 0.5 mM ethylenediaminetetraacetic acid), pH 7.4, was passed through P-10 Bio-Gel polyacrylamide beads. h Cell-free growth supernatant from BLV-infected cell cul-tures (SUP) was obtained by filtering supernatant of 95% confluent BLV cultures through a 0.45-m filter. Sonicated supernatant harvested from BLV infected cell cultures (SOS) was obtained using the same sonication methods as described for SOC.
SDS-PAGE and WB. The proteins of the various crude BLV antigen preparations from the FLK-BLV and BLV-bat 2 were separated in 12.5% acrylamide and were transferred passively to nitrocellulose paper h by capillary action for 48 hr at room temperature. The nitrocellulose membranes were blocked with 3% bovine serum albumin (BSA) for 1 hr and incubated sequentially with the bovine serum diluted 1:200 in PBS-0.1% Tween 20 (PBS-T) and horseradish peroxidase-labeled anti-bovine IgG g at a 1:10,000 dilution for 1 hr at 37ЊC with shaking. The reaction was revealed using 3,3Јdiaminobenzidine. g The molecular masses of the proteins were calculated using standard molecular mass markers by establishing the calibration curve. Parallel acrylamide gels were stained with Coomasie blue solution for 10 min and destained overnight. The gels were then dried following the manufacturer's h instructions and stored at room temperature for analysis. The molecular masses presented are means of 5 independent experiments.
Results
Analysis of the BLV protein profile in polyacrylamide gels. In the antigen preparations, 3 categories of protein bands were expected: those derived from the culture medium, those originating from cellular proteins, and the specific viral proteins. A number of proteins were found in the culture medium containing 10% FCS ( Fig. 1) . These needed to be identified to correctly separate them from the specific viral proteins. Fifteen bands were detected in the negative control (complete medium) SDS-PAGE profile, which corresponded to the proteins present in FCS and were obviously nonspecific. A total of 27 bands were detected in the SDS-PAGE profiles of the different antigen preparations. The number of bands encountered in the SDS profiles ranged from 16 (SUP and SOS from FLK-BLV) to 21 (SOC and LYS from FLK-BLV) (Table 1).
The protein profile of the negative control (complete medium) was very similar to that of SUP and SOS of both FLK-BLV and BLV-bat 2 . The only difference was the presence in SUP and SOS of a weak band with a molecular mass of approximately 80 kD, also present in the other antigen preparations but not in the negative control. This band may be a non-FCS-related band.
BLV was semipurified from cellular matter to reduce the number of cellular components in the preparation. The SDS-PAGE profile of PV showed a total of 17 bands, all identical in preparations from both cell lines. Semipurification eliminated nonspecific bands of 26, 51, and 52 kD and greatly reduced the proteins of 56, 61, and especially 64 kD, which is most evident in the negative control.
In Coomasie blue-stained gels, SOC prepared from each of the 2 cell lines had the least number of nonspecific proteins derived from the medium and the highest number of viral or cellular proteins (Table 1) , giving the clearest and most distinguishable bands in comparison with the others (Fig. 1) .
Aside from the 15 bands observed in the negative control, the remaining bands seen in the antigen preparations may be of viral or cellular nature. It is also possible that some of the proteins may have been altered chemically (LYS) or mechanically (SOC), losing their natural conformation and migrating abnormally in the gels.
Analysis of the immunologic profile of different BLV antigen preparations using WB. To determine which of the 12 bands not present in the negative control, designated V/C (viral/cellular) ( Table 1) , were viral proteins, the different antigen preparations were reacted with BLV-positive and -negative sera (Fig. 2) .
BLV-negative serum identified a total of 11 protein bands, including 4 observed in the culture medium containing 10% FCS ( Table 2 ). The most reactive band from FCS the 55-kD band, which was seen in all preparations tested except SOC (FLK-BLV and BLV-bat 2 and LYS (BLV-bat 2 ). Two of the nonspecific bands (55 and 67 kD) were detected by the BLV-negative serum in the PV preparations along with 2 other nonspecific proteins (102 and 113 kDa) ( Table 2 ). These 4 nonspecific proteins, recognized by negative serum, were present even after the semipurification process. The BLV-positive serum reacted with the same 3 bands (55, 67, and 94 kD) as did the BLV-negative serum in all antigen preparations except for LYS, SOC, and PV (both cell lines) and also with another band of 20 kD ( Table 3) .
Description of the BLV proteins using SDS-PAGE and WB. The interpretation of the bands seen in SDS-PAGE and WB is shown in Table 4 . A band with an approximate molecular mass of 24 kD was detected, which probably corresponds to p24. This band was detected in all BLV antigen preparations, independent of the cell line used.
Aside from the nonspecific proteins that are present in the culture medium, a nonspecific protein of 25 kD was detected that was highly reactive in the LYS antigen preparation from the BLV-bat 2 cell line, just above the BLV p24 core protein (24 kD).
Discussion
In this study, the protein profile of a number of crude BLV antigen preparations from 2 cell lines persistently infected with the BLV was determined. A number of factors must be considered in the selection of antigen preparations, including the time used in the preparation, the amount of materials involved in the production, the complexity and purity of the viral proteins, the equipment available, and the cost of antigen preparation. Various authors have previously described methods for whole BLV particle purification 3, 12, 21 or for p24 and/or gp51 purification. 9, 22 However, these methods are laborious and require special equipment.
According to a number of authors, 17, 20 the substances present in FCS that may be detected in SDS-PAGE or in WB are mainly BSA and immunoglobulins, which may interfere with the interpretation of the results. A very reactive band in the range of 50-60 kD, which may interfere with the detection of gp51, has been reported. 17 In some cases, reduction of antigen preparations with 2-mercaptoethanol and SDS after electrophoresis decreased the number of nonspecific bands. 17 Heavy (60 kD) and light (30 kD) chains of IgG in BLV preparations from culture supernatants have been detected. 20 The results of this study show that the nonspecific proteins of 55, 67, and 94 kD are highly reactive and are detected by the serum from both BLV-negative and BLV-positive animals. Nonspecific proteins of 37, 50, and 55 kD have always been found in BLV antigen preparations using cells (SOC and LYS). A nonspecific protein of 102 kD was occasionally observed in the SOC antigen preparation. Its absence in antigen preparations using BLV-producing cell lines indicated that the cells were well washed prior to the preparation and were devoid of this nonspecific protein.
To determine the specificity of each of the bands recognized, a strict strategy of cancellation was used following three parameters. First, all antigenic preparations, including the negative control (medium ϩ 10% FCS) presented a ''front'' in the SDS-PAGE (12.5% acrylamide) with an approximate molecular mass of 20 kD. This band should be considered negative, even though it may have contained viral proteins of lower molecular masses. To examine these lower molecular mass proteins, gels with higher acrylamide concentrations (15-20%) should be used. Second, all the protein bands observed in the negative control (medium ϩ 10% FCS) using both positive and negative serum against BLV are nonspecific. Thus, the bands from the different BLV antigen preparations that coincide with these bands are nonspecific and should be disregarded. Third, all the protein bands detected using BLV negative serum should be considered nonspecific, regardless of the kind of antigen preparation used.
The main gag protein, p24, was easily recognizable, both in SDS-PAGE and WB, and was present in all antigen preparations. Because a nonspecific protein in LYS from BLV-bat 2 migrated very close to p24, care should be taken with interpretation. The localization of the other main BLV protein, the envelope glycoprotein gp51, is more difficult because it undergoes denaturing and thus loses its natural conformation and presentation of the epitopes before and during the electrophoresis process. 1, 6, 10, 18, 28 Nevertheless, a number of bands in the range of 60-80 kD have been observed. Gp51 has been detected by WB in the 50-60 kD range in 6 different antigen preparations using an anti-gp51 monoclonal antibody. 17 Slight modifications in the antigen preparation may alter the tertiary structure of gp51, varying its migration coefficient in gels. The difficulty in detecting gp51 by WB has also been described for polyclonal sera. 28 With polyclonal serum, gp51 produced a weak reaction and was observed as 2 bands in the 60-kD region 28 or as several bands in the range of 68-93 kD. 19 Other authors 7 described a strong band around 75 kD, which was not further characterized. The difficulty of detecting antibodies against gp51 using WB was previously described 11 ; hence, a consensus among the different tests should be used to confirm whether an animal is infected with BLV. 11 The 2 BLV-encoded regulatory proteins, Tax (34-38 kD 25 ) and Rex (16-19 kD 24 ), that are present in BLV-expressing cells but not in virions were not observed. Both antibodies against Tax and Rex have been detected in serum from cattle and sheep in the late tumor stage. 23, 29 The BLV commercial serum used in the present study may have lacked these antibodies.
The unequivocal identification of protein bands, both specific and nonspecific, seen in WB is important not only to understand the protein profile of antigen preparations but also to determine if an animal is BLV positive or negative and to analyze the specificity of monoclonal antibodies (unpublished data). When WB is used for BLV studies, there are a number of nonspecific proteins that have molecular masses in the same range as that of the main BLV proteins, reported for gp51 and p24. 8, 17, [19] [20] [21] 26 Other nonspecific bands may also be mistaken for BLV proteins. 
